Objective-Cerebrovascular disease is 1 of the possible mechanisms of the previously reported relationship between Mediterranean-type diet (MeDi) and Alzheimer's disease (AD). We sought to investigate the association between MeDi and MRI infarcts.
We previously reported that higher adherence to a Mediterranean-type diet (MeDi) is associated with lower Alzheimer's disease (AD) [1] [2] [3] and mild cognitive impairment 4 risk. One of the possible mechanisms through which the MeDi may be exerting its protective effect for AD could be vascular: (1) higher adherence to a MeDi has been associated with lower risk for obesity, [5] [6] [7] [8] [9] the metabolic syndrome, [10] [11] [12] dyslipidemia, 13 hypertension, 5, 13, 14 abnormal glucose metabolism, 5 diabetes, [15] [16] [17] and coronary heart disease, [18] [19] [20] [21] whereas (2) the evidence for contribution of vascular risk factors in AD risk is growing. [22] [23] [24] Therefore, higher adherence to a MeDi could be related to lower cerebrovascular disease and hence lower dementia rates.
Nevertheless, in our previous investigation of this question, vascular comorbidity as ascertained by medical history did not seem to mediate the association between MeDi and AD, 1 suggesting that nonvascular mechanisms, such as oxidation or inflammation may be playing a role. Another possible explanation could be that clinically assessed vascular variables lack sufficient sensitivity 25, 26 because they are proxies for cerebrovascular disease rather than direct measurements, biasing our results toward the null hypothesis. Indeed, sensitivity of self-reported stroke has been found to be low in our cohort using imaging as the gold standard. 26 Therefore, it is possible that a mediating cerebrovascular effect could be detected if measurement of cerebrovascular comorbidity is performed with use of instruments or biomarkers more accurate and more biologically proximal to either vascular disease or to vascular-mediated neural damage. Magnetic resonance imaging (MRI) provides the capacity to visualize and quantify these changes in vivo.
At the same time, despite the potentially protective effects for stroke of many elements of the MeDi (fruits, vegetables, whole grains, fish, olive oil, low saturated fatty acids, moderate alcohol, etc.), [27] [28] [29] [30] [31] [32] [33] the association between MeDi and stroke has received extremely limited attention in the previous literature with only a single study in women having been published. 34 To our knowledge, the association between MeDi and clinical stroke has not been examined for men or for non-Caucasians, while there have been no investigations of the association between MeDi and cerebrovascular disease assessed with brain imaging.
In an attempt to shed some preliminary light on this topic, we examined the association between MeDi and MRI brain infarcts among participants of the Washington Heights/ Hamilton Heights Columbia Aging Project (WHICAP) imaging substudy, a populationbased study of elderly 65 years or older in New York. We hypothesized that higher adherence to the MeDi would be associated with lower burden of cerebrovascular disease at brain MRI.
Patients and Methods

Sample
WHICAP is a large-scale community-based project of aging and dementia based in upper Manhattan. The source cohort include was identified (via ethnicity and age stratification processes) from a probability sample of Medicare beneficiaries aged 65 years or older, residing in an area of 3 contiguous census tracts within a geographically-defined area of northern Manhattan. 2, [35] [36] [37] [38] The WHICAP study has combined epidemiological, neuropsychological, neurological, and medical approaches to understand the antecedents, biological risk factors, genetics, and course of cognitive aging and dementia for over 20 years. The current cohort represents a combination of 2 cohorts from 2 recruitment waves in 1992 and 1999. Description of the recruitment and sampling strategies for the 2,776 participants that comprise the ongoing WHICAP cohort have been provided in detail elsewhere. 39 In 2004, we began systematic collection of high-resolution neuroimaging data on ongoing WHICAP participants who did not meet criteria for dementia at their previous follow-up visit, as described in detail elsewhere (WHICAP imaging study). 40 The MRI acquisition took place at a visit contemporaneous with the second follow-up assessment of the WHICAP cohort recruited in 1999. A total of 769 WHICAP participants received MRI scans. MeDi score could not be calculated (due to either missing or incomplete dietary evaluations) for 7% of those who received MRI and for 5% of those who were eligible but refused participation in the MRI component of the parent study (p = 0.19). Those who received MRI scans were 1 year younger and were more likely to be men and African Americans but were otherwise similar compared with those who were eligible but refused participation in the MRI component of the parent study (for more details see Brickman and colleagues 40 ).
For 62 of 769 subjects either MRI stroke assessments were not available or dietary evaluations were absent or incomplete (preventing MeDi score calculation), leaving 707 participants as the final analysis sample for this study. The 707 subjects included in the study were more likely to be African Americans (35% vs 22%) or Whites (27% vs 21%) and less likely Hispanics (36% vs 55%) (p = 0.03) but were otherwise demographically and clinically (age, p = 0.25; sex, p = 0.07; education, p = 0.09; body mass index, p = 0.88; ε4 allele, p = 0.21; smoking, p = 0.48; diabetes, p = 0.38; hypertension, p = 0.51; heart disease, p = 0.66) similar compared with those 62 subjects with missing either dietary or MRI stroke assessments.
Clinical Evaluation
At each assessment, each participant underwent an in-person interview of general health and functional ability followed by a semiaverage structured standardized assessment, including medical history, physical and neurological examination, and a neuropsychological battery that included measures of memory, orientation, language, abstract reasoning, and visuospatial ability. 41 The neuropsychological test battery and its validity in the diagnosis of dementia has been described in detail in a previous publication. 41 All participants received structured neurologic, medical and functional assessments. The diagnosis of dementia or its absence was based on standard research criteria 42 and was established using all available information (except the MRI results) gathered from the initial and follow-up assessments and medical records at a consensus conference of physicians, neurologists, neuropsychologists, and psychiatrists. 
MRI Protocol
ACQUISITION-Scan
MRI INFARCTS-
The presence or absence of brain infarction on MRI was determined using all available images, including T1-weighted images, FLAIR-weighted images, and proton density-weighted and T2-weighted double-echo images. Only lesions 3mm or larger qualified for consideration as brain infarcts. Signal void, best seen on the T2-weighted images, was interpreted to indicate a vessel. Other necessary imaging characteristics included cerebrospinal fluid (CSF) density on the T1-weighted image and, if the stroke was in the basal ganglia area, distinct separation from the circle of Willis vessels and perivascular spaces. Scans were further analyzed to determine the number of infarcts, their location (ie, right or left hemisphere, cortical or subcortical, and specific region), and their size. Infarcts of 1cm or less were defined as small, and infarcts of more than 1cm were defined as large. Two raters (blinded to the dietary assessments) determined the presence of cerebral infarction on MRI. Previously published κ values for agreement among raters has been generally good, ranging from 0.73 to 0.90. 43 MRI WMH-Total WMH volumes were derived on FLAIR-weighted images following a 2-step process, as described. 44, 45 First, an operator manually traced the dura mater within the cranial vault, including the middle cranial fossa but not the posterior fossa and cerebellum. Intracranial volume was defined as the number of voxels contained within the manual tracings, multiplied by voxel dimensions and slice thickness. These manual tracings also defined the border between brain and nonbrain elements and permitted for the removal of the latter. Nonuniformities in image intensity were removed 46 and 2 Gaussian probability functions, representing brain matter and CSF, were fitted to the skull-stripped image. 44, 46 Once brain matter was isolated, a single Gaussian distribution was fitted to the image data and a segmentation threshold for WMH was set a priori at 3.5 standard deviations (SDs) in pixel intensity above the mean of the fitted distribution of brain matter. Erosion of 2 exterior image pixels was applied to the brain matter image before modeling to remove partial volume effects and ventricular ependyma on WMH determination. WMH volume was calculated as the sum of voxels greater to or equal to 3.5 SD above the mean intensity value of the image and multiplied by voxel dimensions and slice thickness. WMH volumes were logarithmically transformed and adjusted by intracranial volume.
Predictors
DIET-Dietary data regarding average food consumption over the past year were obtained using a 61-item version of Willett's semiquantitative food frequency questionnaire (SFFQ) (Channing Laboratory, Cambridge, MA). 47 Trained interviewers administered the SFFQ in English or Spanish. We have previously reported validity (using 2-7-day food records) and reliability (using 2-3-month frequency assessments) of various components of the SSFQ in WHICAP. [35] [36] [37] Dietary information was collected at baseline, which was on average 5.8 (SD 3.2) years before the MRI assessments. Although duration (years) between dietary and MRI evaluations was related neither to stroke (p = 0.77) nor to MeDi score (p = 0.27), it was included as a covariate in the analyses. Similar to our previous work, 2 we followed the method previously described by Trichopoulou and colleagues 18 for the construction of the MeDi score. More specifically, we first regressed caloric intake (kcal) and calculated the derived residuals of daily gram intake (as recommended by Willet and Stampfer 48 ) for each of the following 7 categories, which define the components of the MeDi as previously defined by Trichopoulou and colleagues 18 : dairy, meat, fruits, vegetables, legumes, cereals, and fish. A value of 0 or 1 was assigned to each of the 7 above groups, using sex-specific medians as cutoffs. For beneficial components (fruits, vegetables, legumes, cereals, and fish), persons whose consumption was below the median were assigned a value of 0, and persons whose consumption was at or above the median was assigned a value of 1. For components presumed to be detrimental (meat and dairy products), persons whose consumption was below the median were assigned a value of 1, and persons whose consumption was at or above the median was assigned a value of 0. For fat intake (eighth food category) we used the ratio of daily consumption (in grams) of monounsaturated fatty acid (MUFA) to saturated fatty acid (SFA) 18 (again using sex-specific median cutoffs for assignment values of 0 for low and 1 for high). For alcohol intake (ninth food category), subjects were assigned a score of 0 for either no (0g/day) or more than moderate (≥30g/day) consumption, and a value of 1 for mild-moderate alcohol consumption (>0 to <30g/day). This is agreement with reports 18 that consider moderate amount of alcohol consumption as another characteristic component of the MeDi. We classified alcohol consumption dichotomously also because of the skewed distribution of alcohol in our population (68% reporting no alcohol intake, 31% reporting less than 30 gm/ day [mild to moderate intake], and 1% reporting ≥30g/day [heavy intake]). The MeDi score was generated for each participant by adding the scores in the food categories (theoretically ranging from 0 to 9) with higher score indicating higher adherence to the MeDi.
VASCULAR DISEASE HISTORY-History of diabetes, hypertension, and heart disease was ascertained by self-report from an interview with participants and/or their informants. 49 History of heart disease included arrhythmias (eg, atrial fibrillation), coronary artery disease, and congestive heart failure. Self-report data on diabetes, hypertension, and heart disease have been shown to be reliable (test-retest reliability κ = 0.85) and to have high sensitivity and specificity (over 90% for either) using medical records as the gold standard in this study's cohort. 50 Clinical stroke was defined according to the World Health Organization (WHO) criteria, 51 based on self-report, supplemented by a neurological examination. History of clinical stroke was ascertained from an interview with participants and/or their informants. 26 Positive response(s) to any 1 of the following 8 questions was considered as suggestive of a history of stroke: (1) have you ever had, (2) did a doctor tell you that you had, (3) did you have within the past year, a stroke, ministroke, cerebrovascular accident, or TIA; (4) have you ever had a sudden paralysis or numbness on 1 side of the body, (5) suddenly lost the use of speech or have slurred speech, (6) had sudden loss of consciousness with severe headache, nausea, and vomiting; (7) did the stroke or symptoms last more than 24 hours; and (8) have the stroke symptoms continued without ever going away. Persons who answered yes to any of the 8 questions were referred to see a board certified neurologist. In addition, 80% of selfreported strokes were confirmed by review of medical records.
Fasting plasma total cholesterol (TC) and triglyceride (TG) levels were determined at initial assessment using standard enzymatic techniques. High-density lipoprotein (HDL) cholesterol levels were determined after precipitation of apolipoprotein (APOE) Bcontaining lipoproteins with phosphotungstic acid. 52 Low-density lipoprotein (LDL) cholesterol was recalculated using a published formula. 53 COVARIATES-Age (years), education (years), caloric intake (kcal), and body mass index (weight in kilograms divided by height in square meters [kg/m 2 ]) 54 were used as continuous variables. Ethnic group was based on self-report using the format of the 1990 U.S. Census. 55 Participants were then assigned to 1 of 4 groups: African American (Black non-Hispanic), Hispanic, White (non-Hispanic), or Other. Ethnicity was used as a dummy variable with White (non-Hispanic) as the reference. APOE genotype was used dichotomously: absence of ε4 allele vs presence of either 1 or 2 ε4 alleles. A trigger question inquired whether the individual ever smoked at least 1 cigarette per day for 1 year or longer. If the answer to the trigger question was no, the individual was classified as a nonsmoker and no further questions were asked. Participants who answered the question affirmatively were classified as current smokers if they were still smoking or past smokers if they had quit smoking. We finally considered a physical activity assessment. 56 Briefly, self-reported time spent on a series of vigorous, moderate, and light activities was weighted by the corresponding metabolic equivalents and summed into an overall physical activity score, which was then categorized into tertiles: no physical activity (used as reference), some physical activity, and much physical activity (for details see Scarmeas and colleagues 3 ).
Statistical Analyses
Characteristics of participants by stroke and by MeDi tertiles were compared using t test or analysis of variance (ANOVA) for continuous variables and χ 2 test for categorical variables.
BASIC MODEL-We calculated logistic regression models with MRI infarcts as the dichotomous outcome. The main predictor was MeDi score as a continuous variable initially and in tertiles form subsequently (used for trend test calculation).
ADJUSTED MODEL-In subsequent models we simultaneously adjusted for the following variables: age, sex, ethnicity, education, APOE genotype, body mass index, and duration between diet evaluation and MRI. Although caloric intake-adjusted residuals were used in the MeDi score calculation, we also included caloric intake as a covariate in the models (as recommended by Willet and Stampfer 48 ).
FULLY ADJUSTED MODEL WITH VASCULAR COMORBIDITIES-To examine
whether the association between MRI infarcts and MeDi was over and above clinically assessed cardiovascular comorbidity, we simultaneously included vascular risk factors (smoking, diabetes, hypertension, and heart disease) in the above adjusted logistic regression model. In a subsequent model we also added as covariates plasma TC, HDL, TG, and LDL.
SUPPLEMENTARY ANALYSES (ALL IN ADJUSTED MODELS)-
We examined possible confounding effects of physical activity. We calculated sex-stratified and agestratified (using the median age as cutoff) models. In order to examine whether possible associations between MeDi and MRI infarcts was due to associations of particular food categories, we included all 9 individual components used to calculate the MeDi score as predictors. We conducted additional analyses examining separately the association of MeDi with small or large MRI infarcts, with infarct localization (right vs left hemisphere) and with number of infarcts (due to non-normal distribution we used nonparametric methods). We investigated the association of MeDi with infarcts at different locations in the brain. We examined the association of MeDi with MRI infarcts, excluding subjects with clinical strokes. Although the absence of dementia was an inclusion criterion for the WHICAP imaging study, 46 met diagnostic criteria for dementia at the clinical evaluation closest to neuroimaging. We repeated the analyses excluding these subjects with dementia. We investigated the association of MeDi with MRI infarcts excluding both subjects with clinical stroke and dementia. We finally examined the association between MeDi and WMH.
Results
Clinical-Demographic-Dietary Characteristics
MRI infarcts were detected in 31%. Compared with subjects without, those with MRI infarcts were more likely to be males and to have history of hypertension or heart disease ( Table 1) . Subjects with MRI infarcts had higher WMH volumes. Also, they had lower MeDi scores. The groups did not differ in other demographic, anthropometric, genetic, dietary, or clinical variables.
In accordance to our previous reports, 2 Hispanics adhered more and African Americans less to the MeDi (Table 2 ). Higher adherence to the MeDi was associated with lower rates of heart disease but not with other demographic, anthropometric, genetic, or clinical variables.
MeDi and Infarcts
Higher adherence to the MeDi was associated with significantly lower odds of MRI infarcts (Table 3) . The results were similar in adjusted and unadjusted models (models 1 and 2). Each additional unit of the MeDi score was associated with 9% to 11% lower odds of MRI infarcts. Compared to subjects in the lowest MeDi tertile (low adherence to the MeDi), subjects in the middle MeDi score tertile had 18% to 22% lower odds of MRI infarcts, while those at the highest tertile (high adherence to the MeDi) had 36% to 38% lower MRI infarct odds, with a significant a trend for a dose-response effect.
Inclusion of clinical vascular comorbidity variables and physical activity did not attenuate the association (see Table 3 ; model 3). Additional inclusion of plasma lipid levels resulted in associations below the type I error significance level probably due to some power loss since the magnitude of the coefficients was not appreciably different. 
Supplementary Analyses
Physical activity was unrelated to both MRI infarcts and MeDi adherence (see Tables 1 and  2 ). Considering physical activity in adjusted models resulted in some loss of power (total n = 578, physical activity not being available for all subjects) but did not appreciably change the In sex-stratified analyses, for males only, the associations between MeDi adherence (continuous score) and MRI infarcts was 0.95 (0.80-1.14), while for females only it was 0.88 (0.78-1.00), suggesting a slightly stronger association in women.
In age-stratified analyses, for younger subjects the association between MeDi adherence (continuous score) and MRI infarcts was 0.85 (0.73-0.99), while for older subjects it was 0.93 (0.81-1.08), suggesting a stronger association in younger participants. There were 157 subjects who had only small MRI infarcts, 34 who had only large, and 31 who had both small and large MRI infarcts. In adjusted models, the associations between MeDi adherence (continuous score) and MRI infarcts of different size (compared to absent MRI infarcts) were as follows: only small MRI infarcts OR (95% CI), 0.91 (0.81-1.02); only large MRI infarcts 0.83 (0.66-1.04); both small and large MRI infarcts 0.98 (0.77-1.24).
Infarcts were detected in the left hemisphere exclusively (no right-sided infarcts) for 62, in the right hemisphere exclusively (no left-sided infarcts) for 103, and in both right and left hemispheres for 38 subjects. In adjusted models, the associations between MeDi adherence (continuous score) were as follows: MRI infarcts exclusively on the left (vs no infarcts at all), 0.99 (0.84-1.17); MRI infarcts exclusively on the right (vs no infarcts at all), 0.91 (0.80-1.04).
Location of infarcts were as follows (% out of 707): basal ganglia 6%, caudate 4%, internal capsule 1%, external capsule 3%, extreme capsule 3%, thalamus 3%, frontal cortex 4%, frontal white matter 7%, parietal cortex 2%, parietal white matter 4%, occipital cortex 1%, occipital white matter 1%, temporal cortex 0.3% (2 subjects), temporal white matter 1%, brain stem 1%, and cerebellum 5%. In adjusted models, the associations between MeDi adherence (continuous score) and presence of infarcts in each of these locations (vs no infarcts at all) were as follows: basal ganglia 0.80 (0. 65 -1.20) . Overall, the associations seemed stronger for brain stem and basal ganglia, internal and external capsule, occipital cortex, and white matter infarcts but data are too sparse to draw inferences.
The number of detected MRI infarcts per subject were as follows: 141 subjects had 1 infarct, 47 subjects had 2 infarcts, 16 subjects had 3 infarcts, 9 subjects had 4 infarcts, 3 subjects had 5 infarcts, 1 subject had 6 infarcts, 1 subject had 7 infarcts, 1 subject had 8 infarcts, 1 subject had 9 infarcts, 1 subject had 11 infarcts, and 1 subject had 12 infarcts. There was a borderline nonsignificant association between MeDi adherence and infarct number: higher adherence and lower infarct number; Spearman's rho −0.73 (p = 0.05). 
Discussion
We found that higher adherence to a MeDi was associated with reduced cerebrovascular disease burden. Notably, the association between MeDi and infarcts was over and above vascular comorbidities, including hypertension, diabetes, and heart disease. When plasma lipids were considered, the magnitude of the coefficients remained largely unchanged, suggesting that the attenuation of statistical significance was mostly due to loss of power. We found no association between MeDi and WMH.
The prevalence of MRI infarcts in our study was 31%. In a recent systematic review of silent brain infarcts, 57 prevalence ranged from 8% to 28% in 8 general population studies with average ages ranging from 59 to 75 years old. The biggest prevalence was noted in the Cardiovascular Health Study (mean age 75 years, mean prevalence 28%). 58 Given the known association between age and brain infarcts, our population's prevalence of MRI infarcts being slightly higher is most likely due to inclusion of older participants (average age of our population being 80 years). The inclusion of significant proportion of minorities (Hispanics and African Americans) with high burden of comorbidities could be an additional explanation of the higher prevalence of MRI infarcts in our population.
We detected no association for smoking, dyslipidemia, diabetes, or heart disease. This is not surprising because although smoking, dyslipidemia, and diabetes have been welldocumented risk factors for clinical strokes, [27] [28] [29] [30] their association with infarcts detected on imaging (which are often subclinical) has been inconsistent. 57 In the present study, among cardiovascular risk factors only hypertension was associated with brain infarcts in adjusted models: subjects who did not suffer from hypertension had 40% lower odds for having brain infarcts. The association between MeDi and brain infarcts was of comparable magnitude: subjects in the highest tertile of MeDi adherence had reduction in odds for brain infarcts of about 40%.
Despite the potentially protective effects for stroke of many elements of the MeDi (eg, fruits, vegetables, whole grains, fish, olive oil, low saturated fatty acids, moderate alcohol), [27] [28] [29] [30] [31] [32] [33] the association between MeDi and stroke has received extremely limited attention in the previous literature. To our knowledge, there has been only 1 publication reporting a lower risk of clinical stroke in women with higher MeDi adherence. 34 Our study confirms an association between MeDi and cerebrovascular disease but at the same time is the first to demonstrate an association between MeDi and subclinical infarcts captured with brain imaging.
The association between MeDi and neurodegenerative diseases has somehow received more attention. We reported that higher adherence to a MeDi is associated with lower risk for AD [1] [2] [3] (same U.S. population as current study) and with lower rates of cognitive decline 59 (in a French population). One of the possible biological mechanisms for the MeDi-AD association may be a vascular one: (1) higher adherence to a MeDi has been associated with lower risk for cardiovascular comorbidity, 5, 6, 13, 14, [18] [19] [20] whereas (2) there is accumulating evidence for contribution of cardiovascular risk factors in AD risk and pathogenesis. [22] [23] [24] When we examined this hypothesis in a previous report, we found that clinically assessed strokes did not seem to mediate the MeDi-AD association. 1 At the same time, sensitivity and specificity of self-reported stroke (using MRI as the criterion) has been found quite low, 26 possibly diminishing our ability to detect a vascular mediation in the MeDi-AD relation. 1 MRI has the ability to detect and quantify cerebrovascular damage with superior sensitivity. Using MRI-assessed subclinical infarcts we now demonstrate an association between MeDi and cerebrovascular disease, suggesting that vascular mechanisms maybe in the biological pathway between MeDi and AD. The presence of subclinical brain infarcts increases the risk for future dementia (including AD) 60 and mild cognitive impairment. 61 In future follow-up some of these nondemented elderly of the current study will develop dementia, which will enable us to examine explicitly whether cerebral infarction mediates the noted association between increased MeDi and decreased AD risk.
With the exception of a single study that failed to detect any association between alcohol and MRI infarcts, 62 to our knowledge, there is no previous literature for any other elements of our diet (either food groups or nutrients). In our own data, when individual components used to derive the MeDi pattern were examined, none was related to odds of brain infarcts. This observation mirrors our previous findings regarding AD. 2 Such results strengthen even further the hypothesis that composite dietary patterns can capture dimensions of nutrition that may be missed by individual components and that an overall dietary pattern is likely to have a greater effect on health than a single nutrient.
Study limitations relating to the construction of the MeDi score (ie, use of an a priori dietary pattern score, equal weighing of underlying food categories, underestimating total food and caloric intake, etc.) have been discussed previously. 1, 2 The food frequency questionnaire was a brief one, while a more detailed longer instrument may have resulted in lower measurement inaccuracies/error. Dietary information was collected at baseline which was on average 5.8 (3.2 SD) years before the MRI assessments. We previously demonstrated stability of adherence to a MeDi over the course of about 8 (and up to 16) years, 2,3 A subset of 1,015 individuals in WHICAP who did not develop dementia during follow-up had had multiple dietary assessments: 2 dietary assessments available for 831 participants, 3 for 137, 4 for 43, and 5 for 4, with a mean time interval between dietary assessments of 6.1 years (3.1 SD; range, 1.4-16.4). The MeDi score was stable (estimated annual change of the MeDi score β = −0.01, p = 0.44). The above suggest stability over approximately a decade and that older subjects do not often change their dietary habits. Nevertheless, based on our data alone we cannot be certain about stability to MeDi adherence at middle or young age. Additionally, the models were adjusted for duration between diet and MRI assessments but given the close proximity of the MRI and diet assessments and the observational nature of the study it would be premature to make claims about biological causality.
Infarct ratings were visually based but published κ values for agreement among raters has been generally good, ranging from 0.73 to 0.90, 43 and rates were blinded to MeDi scores. This is a cohort of subjects with largely absent clinical strokes and hence the majority of infarcts were small ones. Supplementary analyses suggested a potentially stronger association between MeDi and large infarcts but the numbers of large infarcts are quite small to generate high confidence in this finding.
Individuals not included in the present analyses because of either missing MRI or dietary information did not differ in many characteristics but were less likely of African-American or White ethnicity, of slightly older age, and of female sex. In accordance with our previous report Hispanics adhered more and African Americans less to the MeDi, 2 while ethnicity was not related to infarcts. Age was related neither to MeDi, nor to infarcts but stratified analyses suggested a stronger association for younger subjects. Women adhered to a MeDi equally to men but fewer of them had infarcts, while in stratified analyses the association between MeDi and infarcts was stronger for women. Overall, although we adjusted for all the above factors in our analyses and the associations between MeDi and infarcts remained unchanged, we cannot completely exclude biases due to missing data. It is also possible that diet is related to socioeconomic status or to other habits or characteristics related to better health and hence a lower risk for infarcts. In our data MeDi was not related to education or smoking but was related to ethnicity. We addressed this by adjusting for these factors but we cannot completely exclude residual confounding as an explanation for our findings. This issue can be definitively addressed only by randomized clinical trials.
Confidence in our findings is strengthened by the following factors. The population of older adults is rapidly becoming more ethnically diverse 63 and the importance of including ethnic minorities in aging studies is well established. 64 Even large community-based samples that incorporated MRI have been generally limited to Caucasians, 43 with rare exception. 65, 66 We have previously shown that cerebrovascular disease is higher in African Americans and Hispanics than in Caucasians in our cohort. 39 These observations strongly suggest that it is important to take ethnic differences in cerebrovascular disease into account. Therefore, a unique aspect of the cohort is its community-based character and its multiethnic composition with inclusion of Caucasians, Caribbean Hispanics, and African American participants, which increases the external validity of the finding. Assessment instruments (including dietary, clinical, imaging, etc.) that have been previously validated and widely used in epidemiological studies were applied. We used an a priori developed dietary pattern. 18, 67, 68 Measures for multiple potential confounders were carefully recorded and adjusted for in the analyses. Using a variety of sensitivity analyses, the associations between MeDi and infarcts were essentially unchanged.
Previous studies have demonstrated that a MeDi is associated with reduced cardiovascular comorbidities. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] These results add to the literature by demonstrating an association of MeDi with cerebrovascular disease, specifically MRI infarcts. Our findings should be replicated and further explored. HDL = high density lipoprotein cholesterol; LDL = low density lipoprotein cholesterol; MeDi = Mediterranean diet; MRI = magnetic resonance imaging; SD = standard deviation; TC = total cholesterol; TG = triglycerides; WMH = white matter hyper-intensities (logarithmically transformed ratio to total intracranial volume). APOE = apolipoprotein; CI = confidence interval; HDL = high density lipoprotein cholesterol; LDL = low density lipoprotein cholesterol; MeDi = Mediterranean Diet; MRI = magnetic resonance imaging; OR = odds ratio; TC = total cholesterol; TG = triglycerides.
